This study intends to propose a novel approach based on fuzzy synthetic evaluation in order to realize power enterprise supply chain performance evaluation. Through the characteristic analysis of power enterprise supply chain, a 2-dimensions mesh framework for power enterprise supply chain performance evaluation is put forward, and the indexes of power enterprise supply chain performance evaluation are proposed. Furthermore, the evaluation criteria for each index are established and the evaluation approach based on fuzzy synthetic evaluation for power enterprise supply chain is developed. Finally, an example is presented and the proposed approach is proved feasible and efficient.
Introduction
With the development of world economy, the traditional competition among enterprises is transferring into the competition among supply chains gradually. Most of enterprises mainly adopt the ways of expanding the production scale, improving product quality, providing quality services and so on to improve their competitiveness. But in the 21st century, it is not useful to adopt the above ways which have done all they can do [1, 2] , and the competition among supply chains has becoming the main stream. Accordingly, in order to realize low costs and high profits, enterprises must pay more attention to the supply chain management, and the enterprises in a supply chain have to strengthen cooperation, speed up the integration of the supply chain and coordination, thus, the enterprise could gain more time and market share to improve its competitive power [3] . Therefore, the supply chain management has been become the core of modern enterprise management. And the performance evaluation of supply chain management is a vital measure index to evaluate the maturity of supply chain management, so the research of evaluation of supply chain management will become an indispensable research orientation from now on.
After the reform, the power industry has realized the separation of power station and power grid, which made the power supply chain changed greatly. Nowadays, the operation mode of the power industry is to market-oriented transformation gradually, which makes the power supply chain become more complicated. In the view of supply chain, a scientific and reasonable evaluation approach for supply chain performance is needed.
Literature review
The supply chain management has been become the hot topic of domestic and foreign since the 1990s [4, 5] . The supply chain performance evaluation plays an important role in supply chain management. There is no specific definition though much experience has been accumulated [6, 7] . Choosing the evaluation indexes and methods is the most important work for performance evaluation of supply chain. For many years, a lot of experts and scholars are devoted to the research of the subject how to determine evaluation indexes, and various opinions have been put forward. A. Amid etc [8] presented a weighted max-min model for fuzzy multi-objective supplier selection in a supply chain. A. Gunasekaran and his partners [9, 10] have established the evaluation indexes system from three aspects in strategy, tactics and operation. Yang M.S. etc [11] established the supply chain performance evaluation indexes system from the four perspectives: customer service level, financial, internal learning and innovation. Seyed Gholamreza Jalali Naini etc [12] designed a mixed performance measurement system for environmental supply chain management suing evolutionary game theory and balanced scorecard. Joerg Homberger etc [13] proposed an ant colony optimization-based negotiation approach for lot-sizing in supply chains. M. Adel EI-Baz [14] presented a fuzzy decision making approach to deal with the performance measurement in supply chain systems. Zeling Wang etc [15] proposed a novel model for the optimization of the partners in supply chain and the model can provide a roadmap for the decision makers to select and optimize the collaboration enterprises in business environment. Xiongwei Zhou etc [16] presented a new information sharing model in hybrid dualchannel supply chain, which included two retailers and on manufacturer with the electronic direct marketing. In order to determine the weight of each index, the comparative analysis, Delphi method, AHP and FAHP etc [17] were proposed. There were other approach for supply chain, such as BSC, fuzzy synthetic evaluation method [18, 19] , linear weighted comprehensive evaluation method, TOPSIS, data envelopment analysis and ANN method etc [20] .
At present, the supply chain performance evaluation research is in the phase of immature stage, which can be proved from the following four aspects: (1) The supply chain performance evaluation principle, which is guiding ideology in performance evaluation, is remain to be improved. (2) No unified, specific definition of the supply chain performance exists by now which lead the research work to chaos and hinder the study going further. (3) The research content of performance in supply chain management is not proposed clearly. There are various evaluation indexes, but lack of systematic. (4) The present researchers mostly focus on the local optimization and the impact of a certain factor, and the factors such as how to choose the suppliers, distributors and the comprehensive evaluation are seldom considered.
Framework of the proposed approach
After the reform of power industry, the operation of power industry has transferred from the monopoly to market operation, the power industry supply chain has changed fundamentally. Before reform the power generation, transmission, distribution and sale are under the unified management, but now the different degree of market competition mechanism is introduced into every link. The competition exist not only internal different links but also among the links. Based on this, the power supply chain can be characterized as 2-dimensions mesh supply chain, as shown in fig.1 . The power enterprise supply chain is composed two chains: main supply chain and auxiliary supply chain. The main supply chain, which involves power generation, transmission, distribution and retail, covers all the business in power industry. The upstream of the main supply chain is consisted of power stations and grid companies, which are few in number but large in scale. At the downstream links of the main supply chain, there are there huge end users which are increasing year by year. Hence, the main supply chain shows the trait of small upstream and large downstream. On the auxiliary supply chain, the upstream suppliers are equal to the downstream enterprises in number. Meanwhile, the suppliers supply goods directly and there are few agencies in the procurement process of level-1 and level-2 equipments; hence the auxiliary supply chain shows the trait of short chain.
The fuzzy synthetic evaluation-based approach
The fuzzy synthetic evaluation method which uses fuzzy mathematics to make an overall evaluation for the object restricted by many factors is one of synthetic evaluation methods. This evaluation method has the characteristic of clear configuration and strong systematization, and the evaluation procedure for power enterprise supply chain is shown as follows:
Step 1: to establish fuzzy evaluation index set.
Step 2: to establish evaluation index remark set.
Step 3: to establish index weight.
Step 4: to establish judgment matrix.
Step 5: to calculate the results.
Fuzzy evaluation index set
According to the practical solution problem, the evaluation indexes are given and the indexes are presented in the way of vector.
Where: n is the number of first class evaluation indexes.
For complex problem, the first class evaluation indexes can be divided into second class indexes, even third class until the problem can be represented reasonably. Each class index can be presented in the way of vector, take the second class indexes as an example:
Where: k is the first class index that is divided; m is the second class indexes number of the kth first class index.
Evaluation index remark set
According to the purpose of assessment and the semantic of the evaluation objects, evaluation index remark set is given in the way of vector as follows:
Where: n is the number of remark rank.
Index weight
In order to make the evaluation results consistent with the actual situation and give the power supply chain management scientific guidance, each index weight is given in the way of expertevaluating method.
For the first class index, the index weight meets the condition as follows:
Where: i is the number of first class index of the power supply chain. For the second class index A ij , the index weight meets the condition as follows:
Where: i is the number of first class index of the power enterprise supply chain and j is number of the second class index of the first class index. According to the above, the integrated weight of each second class index can be calculated as follows:
And the integrated weight meets the condition as follows:
Where n i is the number of second class index of the ith first class index.
Judgment matrix
Establishing judgment matrix is a key procedure in the fuzzy synthetic evaluation method. At present the expert scoring method is used widely to establish the judgment matrix. Where: k is the kth first class index.
Calculate the results
According to the above evaluation index set, remark set and judgment matrix, each first class index evaluation vector is calculated using the Max-min synthetic operation, then the fuzzy synthetic evaluation vector can be given. The first class index evaluation vector is shown as follows:
Where: w ij is the integrated weight vector of the second class index.
Furthermore, the fuzzy synthetic evaluation vector can be calculated as follows:
Finally, the comprehensive evaluation vector is normalized, and then fuzzy synthetic evaluation value is calculated as follows:
An example of the proposed approach
In this section, an example is proposed to show the running process of our approach.
Fuzzy evaluation index set
According to the evaluation indexes of power enterprise supply chain performance evaluation, the corresponding evaluation index set is established as follows:
The first class evaluation index set and second class evaluation index set can be defined as follows: 
Evaluation index remark set
Combined with the evaluation index set, the evaluation value is given in four levels: better, good, general and poor which equal to 100, 80, 60 and 40 under hundred-mark system. The index remark set is represented by vector as 
Index weight
In order to make the evaluation results to be more scientific, the expert-evaluating method is adopted for single factor evaluation. Taking the coordination index as an example, the process of single factor assessment matrix is given as follows: It is assumed that there are seven experts by whom the score is graded as in table 2. C ij represents the votes that the experts give remark E j to the index A 1i . 
The calculation of synthetic value
The first class fuzzy evaluation matrix is calculated according to the R 1 , R 2 , R 3 , R 4 , R 5 , and then the weight of each index and the synthetic evaluation value are calculated. According to the max-min arithmetic rules, the evaluation vector of first class index can be calculated as follows: 
The analysis of evaluation result
The power enterprise supply chain model is established according to the reality of China power industry, and 5 first class evaluation indexes and 17 second class indexes are proposed to evaluate the supply chain model, then the model is evaluated through the fuzzy synthetic evaluation method, and the evaluation result value is 75.73. From the evaluation result, the power supply chain performance is very good, which proves that the marketization reform of China power industry has achieved some effect, but in order to improve the power enterprise supply chain performance and the competitiveness of the supply chain further, the follow 3 pieces of recommendation are put forward.
(1) Improve the strategy awareness of supply chain management. We can foresee that the power enterprise supply chain will be in the status of 2-dimensions development pattern for a long time in the future. The main supply chain continues to maintain its monopoly status for a long time. Hence the main supply chain should improve efficiency monopoly ability, weaken non-efficiency monopoly ability consciously. The government should increase reform strength to promote the market reform of the power industry and let more nongovernmental capital invest into power industry. The auxiliary supply chain is higher degree of marketization than the main supply chain, accordingly, more competitive. The enterprises in auxiliary supply chain should strengthen strategic cooperation consciously to form the common strategic goal and strategic plan, which is the most effective means to reduce supply chain cost and improve the ability to resist the risk.
(2) Improve the coordination and synchronicity of the supply chain. The purpose of the supply chain management is to pursuit the overall efficiency of the whole supply chain, to make the system total costs minimum. In order to realize the goal, enterprises in the supply chain are demanded to realize the seamless connection, which can make sure the supply and demand information and management information in the supply chain can be transferred timely and more accurate. Ideally, the information can be transferred in the status of zero delay. In fact, because of the difference of development strategy, enterprise culture and interests conflict, it is hard to realize the seamless connection. In view of this situation, enterprises in the supply chain should establish unified supply chain management system and strengthen enterprise cooperation on strategic level in the way of expanded enterprise, virtual enterprise and local virtual organization etc to improve the coordination and synchronicity.
(3) Optimize supply chain structure. For the power enterprise supply chain, the enterprises in the main supply chain are stable relatively for a long time in the future; the downstream enterprises depend on the upstream enterprises greatly. Grid enterprises can be treated as the core to establish uniform management system, so that the main supply chain can make the delivery, flexibility, cost and asset management more optimized and to realize infrastructure, production and marketing cooperative management. For the auxiliary supply chain, the enterprises in it are less stable than the main supply chain, the grid enterprises can also be treated as the core to manage suppliers by classification and dynamically. To establish access mechanism and evaluation system for suppliers, and strengthen the supplier control, constraint and incentive to improve the ability of resist risk.
Conclusions
According to the actual situation of power industry, the two dimensions mesh power supply chain model is established, and the 5 first class evaluation indexes and 17 second class evaluation indexes for the supply chain are proposed. The evaluation indexes are be quantitative analysis and corresponding weight are be set up to each index. And combined with the case supply chain, the power supply chain performance is evaluated through the fuzzy synthetic evaluation method. Finally, the specific measures to improve the power supply chain performance are given combined with the evaluation result.
